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CHAPTER I
INTRODUCTION
Statement of the Problem.
The haemogrega rines represent a group of haematozoa that
have undergone sporadic investigation, the outcome of which has
produced taxonomic confusion.
Protozoologists generally agree that the Phylum Protozoa is
divided into four classes--the flagellates, sarcodines, ciliates and
Spo rozoa.

The Sporozoa, according to Levine (1961), is purely

an artificial class, its members supposedly being united by the
fact that they all have spores--a fact Levine, however, refutes.
In considering the Sporozoa, Ball (I960) remarks,

Probably the

only character they all possess is a parasitic mode of life, hardly
a distinguishing trait separating them from other kinds of the
P rotozoa.
The systematic position of genera within the class is troublesome.

A general scheme is lacking in its consistency because of

the poorly defined characteristics of some members of the group.
Many forms with morphologies and life histories not completed have
been placed in the class because they did not seem to fit into any
other group of Protozoa.

The present-day taxonomic scheme will

no doubt be radically changed as more light is shed on life histories
of enigmatic genera within the group.

For, as Ball (I960) points

out, much extensive revision within the group seems absolutely
1
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necessary.
The haemogregarines serve as an example of a group of
widely distributed blood parasites, many of which have been placed
erroneously in genera with only superficial evidence of their
characteristic s.
words,

Ball (I960) sums up this dilemma with these

. . this classification (of haemogregarines) has been a

matter of faith on the part of the present-day investigator, who has
hope that the parasite has been placed where it really belongs, and
who relies on the charity of future taxonomists for any errors he
may have made. "
From a survey of the literature, it is apparent that many
haemogregarines have been given species designation solely on the
basis of the morphology of the intra-erythrocytic form of the
parasite.

In many instances the specific name of the parasite

identifies the genus or species of the single host in which it is
found.

Roudabush and Coatney (1937) recognized the danger inher

ent in such a practice and remarked that "there is little doubt but
that upon intensive study, several of the species already described
would be shown to be synonyms. "

As long ago as 1908, Dobell (1908)

writing on the haemogregarines parasitic in snakes, remarked that
the literature on the subject was so scattered and so muddled that
he offered no excuse for attempting to summarize the knowledge as
it existed in that day.

The classical statement is that of Minchin
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(1907) wherein he states, "it is not new species of haemogregarines
that are needed, but rather new facts about old species. "
The problem then is two fold.

The primary problem for any

investigator working with the blood-inhabiting Sporozoa is the
decision he must make in the taxonomic placing of his organism
according to essential characters laid down by the authors of
specific published works.

For example, many organisms formerly

placed in the genus Haemogregarina have now been removed from
this category, either because research has shown differences in
their life cycles, or because of analogies with various phases of
other ascertained life cycles (Fantham et al.

1942).

Much can be

said of Reichenow's comment in his revision of Doflein's Lehrbuch
de Protoenkunde (1929) that the genus Haemogregarina is largely a
catchall for insufficiently-known forms.
The second problem according to Ball (1958) is that many of the
parasites currently included in the genus Haemogregarina may
indeed be members of the genus Hepatozoon.

This is because the

parasite stage seen in the circulating blood (the basis for determin
ing positive cases, and many times an identification) usually does
not provide the essential information for identification or class
ification.

The major criterion used in establishing the genera is:

in Haemogregarina schizogony occurs in the erythrocytes, whereas,
in Hepatozoon it occurs in the visceral (such as liver) cells.

Until
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further investigation and research can be conducted on the complete
life histories of each parasite, the plethora of Haemogregarina
species may yet swell by investigators who describe new species
solely on the presence of the parasite in the peripheral blood.

Purpose of the Study.
The name "haemog rega rine

is in common usage for a number

of organisms belonging to different genera and species; some of
these organisms have been arbitrarily placed in a genus because of
the difficult, if not impossible, task of distinguishing one from
another solely on the morphology of the parasite in the blood of the
vertebrate host.
The purpos

of this study is to systematically work out the

life history of the haemog regarine found in the chuckwalla.
Thompson and Huff (1944) refer to an unidentified Sporozoa
in a Sauromalus in their study of saurian malarial parasites of
the United States and Mexico.

Apart from this, there is no

reference in the literature to any haemog rega rine in the chuckwalla
genus Sauromalus.
Because of the available quantity of positive lizards, and the
scanty information concerning the blood parasites of these animals,
it appears that a description of the life history in the host and
vector might be a contribution to the ambiguous taxonomic position
of this group of haematozoa.
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Although haemogregarines have been reported from a number
of saurian hosts, in the majority of instances only the forms in the
peripheral blood have been seen.

Most investigators are confronted

with sampling large numbers of animals and finding only a percent
age of these positive with the blood parasite.

This was not a

problem; all the lizards of the genus Sauromalus, collected in Baja
California and southern California were positive.

It was felt that

plenty of material was available for the complete study of the parasite
in the host, i. e. , morphology of the organism in the peripheral
blood, and the morphology of the exoerythrocytic stages in the
visceral cells.

The success of the work depended on determining

the arthropod vector and demonstrating the transmission of the
parasite from a positive lizard by way of the vector to a negative
lizard.

Review of the Literature.
The first haemogregarine known to science was Haemogregarina
minima (Chaussat, 1850) a parasite of the edible frog--Rana
esculenta.

Chaussat named it Anguillula minima.

The term

Haemogregarina, however, was not used until Danilewsky proposed
it in 1885 for Haemogregarina stepanowi, a blood parasite found by
him in the European tortoise Emys orbicularis.
was redescribed in 1871 by Lankester.

Chaussat's parasite
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The genus Hepatozoon was established by Miller (1908), who in a
very thorough account gave the life history of the haemogregarine
Hepatozoon perniciosum in the white rat and the mite, Echinolaelaps
echidninus.

Prior to the establishment of this new genus, Bentley

(1905) had discovered and described what was later to be a
Hepatozoon parasite, which he found in the leucocytes of the dog.
James (1905) referred to this organism as Leucocytozoon canis.

In

the same year that Balfour (1905) described a parasite in the red
blood cells of the jerboa (Jaculus jaculus), Laveran (1905) named
a parasite he saw in Jaculus orientalis, Haemogregarina balfouri.
Christophers (1905), while examining the red cdlls of the gerbil of
India, found a similar parasite as that of Balfour and Laveran, and
named it Haemogregarina gerbilli.

Miller's description of the life

history of Hepatozoon perniciosum Miller, 1908, and that of
Christophers (1907) and Wenyon (1911) showed that in the sporogonic
cycle in the invertebrate host, the production of large oocysts
containing many sporocysts differentiated this parasite from that of
Haemogregarina which produces a small oocyst with sporozoites
without the formation of sporocysts.

Miller's genus Hepatozoon

became the correct generic title for these parasites.
More than 50 species have been described belonging to the
genus Hepatozoon.

Individual species have been reported from a

wide variety of vertebrate hosts.

Frogs, geckos, snakes, agamid
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lizards, crocodiles, birds, dogs, racoon, squirrels and man have
been reported as being host to this blood parasite.

A number of

proved or suspected vectors include mites, ticks, sucking lice,
fleas, tsetse flies, various mosquitoes and sand flies.

By far

the largest number of species have been described from rodents.
Brumpt (1946) lists 27 species of Hepatozoon from rodents, but
as Laird (1959) writes:

"Most of these parasites are known from

blood films alone, and have been assigned names on the assumption
of strict host specificity. "

Clark (1958) lists nine references in the

literature of Hepatozoon in the squirrel family, Sciuridae.

He

mentions, however, that these squirrel-inhabiting forms are
inadequately known for clear, specific differentiation.

Clark

believes that the descriptions of most of the 50 known species of
Hepatozoon are inadequate because the sexual and asexual stages
in the life cycle have not been clearly established.
A contribution to the knowledge of the genus Hepatozoon is
the work of Robin (1936) and Mackerras (1961b).

Robin (1936)

working with the gecko, Gecko verticillatus and a culicine mosquito
described the life history of Hepatozoon mesnili.

Macke rras

described the life history of Hepatozoon breinli in the varanid
lizard of Australia, and its development in Culex fatigans.

Until

Hoare's publication in 1932 of the life cycle of a crocodile
haemogregarine, Hepatozoon pettiti (Thiroux, 1910) nothing had
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been written on the presence of these haemogregarines in the blood
of reptiles.

Adler and Theodor (1925) working on the sporogonic

cycle of a Hepatozoon in Phlebotomus papatasii suspected a lizard
as being the vertebrate host, but were not able to prove it.
No reports have been made of Hepatozoon parasites in lizards
of North America.

In view of this fact, the current investigation

will extend the known distribution of these parasites.

CHAPTER II
PRELIMINARY INVESTIGATIONS

The present study of saurian malaria was precipitated by the
finding of parasitized red blood cells in blood films from a lizard,
Sauromalus australis, collected in the vicinity of La Paz, Baja
California, and brought back to the University by Dr. Raymond E.
Ryckman.

1

A preliminary investigation of the literature revealed that
no work had been done on the blood parasites of these lizards.

It

was also noted that the taxonomic scheme of some of the reptile
blood parasites was highly capricious and needed some investigation.
The distance to Baja California negated an immediate collect
ing trip to that area; therefore, some local lizards were collected
from the canyons and foothils of the San Bernardino mountain
range, but all were found to be negative.
were:

The lizards collected

Sceloporus, Uta, Gherrhonotus and Phrynosoma.

Arrangements were made with Charles E. Shaw, curator of
reptiles at the San Diego Zoo, to bleed some of the lizards in
captivity.

Of 34 lizards examined at the zoo, 12 were positive

with what appeared morphologically to be the same parasite as
that found in the lizard Dr. R. E. Ryckman collected in Baja

1

Medical Entomologist, Loma Linda University, Loma Linda,
California.
9
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California.

It was also noted that all the positive lizards examined

at the zoo were originally collected from Baja California with the
exception of one that was collected in the vicinity of El Centro,
California.
Of the 1 1 genera of lizards examined at the San Diego Zoo
(Table I), only two were found to be positive.
Dipsosaurus - the desert Iguana
Sauromalus - the Chuckwalla
Shaw (1945) listed southeastern California, southern Nevada,
Arizona and Northern Baja California as distribution range for the
Great Basin Chuckwalla - Sauromalus obesus obesus (Baird).
In June of 1962, a collecting trip was undertaken in an effort
to collect some chuckwallas from the Chuckwalla Mountains in
southeastern California.

Tw'O Sauromalus obesus obesus were

collected in the vicinity of Corn Well, California, about 35
miles west of Blythe.

Both lizards were positive with a haemo-

greganne.
In a breakdown of the genus Sauromalus, Shaw (1945) lists
nine species.

Four of these species have not been examined.

Of

the other five, all were found to be positive with the parasite
(Table II).
It became apparent that the chuckwalla was a suitable natural

11
host for the blood parasite.

Additional lizards from Baja California

were therefore needed in order to evaluate the parasite and its
life history.

►
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TABLE I
REPTILES EXAMINED FOR BLOOD PARASITES
AT THE SAN DIEGO ZOO, June 18, 1962
by E. D. Wagner and J. E. Lewis

Genus species

Area collected

Sauromalus
Sauromalub
Sauromalus
Sauromalus
Sauromalus
Sauromalus
Sauromalus
Sauromalus
Sauromalus

South San Lorenzo, Mexico
South San Lorenzo, Mexico

hispidus
hispidus
hispidus
hispidus
hispidus
hispidus
hispidus
hispidus
o. obesus

Sauromalus o. obesus
Sauromalus o. obesus
Sauromalus o. obesus
Sauromalus varius
Sauromalus ater
Ctenosaura hemilopha
Ctenosaura pectenata
Cordylus giganticus
Cordylus giganticus
Iguana iguana
Conollophus pallidos
Varanus varius
Varanus bengalensis
Tiliqua skinkoides
Tiliqua skinkoides
Dipsosaurus dorsalis
Dipsosaurus dorsalis
Gambelia w. weslizenii
Sceloporus magistes
Sceioporus scalans
Sceloporus scalaris
Heloderma suspectum
Heloderma suspectum

11

11

Positive (+)
Negative (-)

T I

I I

North San Lorenzo, Mexico
Angel de la Guardia, Mexico
f f

ff

I f

! f

II

I

f!

I f

+
+
+
++
+

(no data available)
Larva beds - 1/3 from Sonoyta
to San Luis, Mexico
11

11

i f

i)

+

US Highway 80 - 20 miles
West El Centro
San Esteban, Mexico
Isla Partida, Mexico
San Esteban, Mexico
(hatched in captivity)
Welkom, South Africa
I 1

+
+
+

If

Pet shop
Sydney, Australia
If

tt

India
(no data available)
! I

+

Sonoyta, Mexico
1 I

!I

4

30 miles wnw of Sonoyta, Mexico
San Bernardino, California
Chiricahua Mts. , Arizona
II

fI

I f

Hermosa Reptile Farm
ff

ff

I f
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TABLE II
BREAKDOWN OF THE GENUS SAUROMALUS
WITH SPECIES EXAMINED AND THOSE FOUND
HARBORING A HAEMOGREGARINE

Genus species

Examined

Result

+

+

S. australis

r

+

S. hispidus

+

+

S. varius

+

+

+

+

S. o. obesus
S. o. tumidus
S. o. townsendi

S. slevini
S. klauberi
S. ater

h

CHAPTER III
MATERIALS AND METHODS

Collecting of Lizards.
It was obvious that if experimental animals were to be obtained
in large numbers, it would be necessary to collect them in Baja
California.

In July of 1962 a collecting trip to Baja was undertaken.

It was noted that this time of the year was not ideal for collecting,
the heat was oppressive and unbearable, and by 10 a. m. most of the
reptiles had taken refuge in their shelters.

Collecting, therefore,

was started at 6 a. m. and ended at 10 a. m.
In the course of collecting, three islands were visited by means
of a hired shrimp boat sailing out of the Bay of Los Angeles some
400 miles south of the Mexican border.

The islands visited

(Plate I) were:
San Esteban
South San Lorenzo
Angel de la Guarda
In three days of collecting, 31 lizards were collected from
the three islands.
11 Sauromalus varius from San Esteban
1 Iguana sp. from San Esteban
19 Sauromalus hispidus from South San Lorenzo
and Angel de la Guarda
The number of lizards collected was not limited by their
scarceness, but rather by the collecting conditions, such as:
14
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temperature and humidity, space and housing facilities.
Sauromalus varius (Plate II:

fig.

1) is found as a unique

species only on the island of San Esteban where its coloration is
well suited to the edaphic conditions present.

The animals collected

were found in a dry wash on the north side of the island.

Most were

captured in and around Opuntia patches, a few under rock piles or
shallow holes.
Charles Shaw (1945) remarks that the ancestry of S. varius
cannot be traced directly to any living species of the genus.

He

believes it became isolated at a very early date from the mainland
population of Sonora.

This species of lizard, it was noted, is

somewhat nervous in captivity and does not adapt to captive con
ditions as readily as S. hispidus.
Sauromalus hispidus (Plate IT. fig. 2) was found on the islands
of San Lorenzo and Angel de la Guarda.

This species is black and

much harder to see, due to the coloration of the rocks.

They

appeared to be more docile and easier to catch and handle.
were caught under rock piles.

Most

In captivity, these lizards fed readily

and could be handled with ease.
The method used for collecting the lizards was that of a bamboo
fishing pole with a looped slipknot at the end.
over the lizard's head and pulled tight.

The loop was placed

It was necessary in about

half of the catches, however, to dig the reptiles out from their rock

t-

16
piles.

Specimens caught were placed in cloth bags and kept in cool

areas until their return to the University.

Only one lizard died

from the time of collection to the time of arrival at the laboratory.
In examining the lizards, it was noted that all of the chuckwallas
were positive with a haemogrega rine.

The Iguana was negative.

Housing and Care of Caged Lizards.
Outside pens were prepared for the lizards with rock piles
resembling approximate environmental conditions of their native
habitat (Plate III:

fig.

1).

These pens proved satisfactory for the

summer months; and after about two weeks, the lizards had ceased
to dig around the base of the wiring.

As winter approached, an

indoor wooden cage, 4 ft. by 10 ft. by 4 ft. high, was built in the
laboratory to house the lizards (Plate III:

fig. 2).

Two to three

inches of washed plastering sand was placed on the bottom of the
cage.

Cover and rock piles for the lizards were provided inside.

A heat lamp was used for daytime heating, which provided a tem
perature of 30-35°C.

Due to the large number of lizards and the

limited facility within the laboratory, only members of Sauromalus
hispidus were brought into the inside cage.

One of the deciding

factors in favor ot S. hispidus was the ease with which this species
could be handled and bled.
After about two months, mites were noted on the sides of the

f
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indoor cage.

The degree of infestation became greater until finally

all inside cage walls were heavily populated with mites, many of
them laying eggs.

Humid cage atmosphere and the sand substrate

must be considered factors conducive to the marked increase in
numbers of these arthropods.

Hull and Camin (I960) in examining

captive snakes remark that the traditional methods of displaying
caged reptile specimens in zoos provide ideal conditions for
arthropod reproduction.
The degree of mite infestation of the lizards also increased
rapidly.

Heavily-localized areas occurred around the tympanum,

eyes and inner folds of the rear and front legs.

The mites were

identified as a new and undescribed species of the genus Hirstiella.
It became necessary to control the mites, although these
parasites were highly suspected of being the arthropod vector of
the haemogregarine.

To avoid death due to exsanguination by the

mites, the lizards were washed and brushed in a warm-water
solution of soap, disinfectant and antiseptic.

Before complete

drying, a light spraying of an insecticide, such as

'Raid"2

containing a high concentration of Pyrethin (0. Z5%), the mite
killing agent, and a low level of petroleum distillate, which might
be nocuous to the lizards, was sparingly applied.

2

Raid, the trade name for S. C. Johnson & Son, Inc. , Racine,
Wiscons in.
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Maintaining lizards in captivity is in many cases a real problem.
Thompson and Huff (1944) point out that some animals fail to become
adjusted to laboratory conditions and die within a few weeks.

This

appeared to be true with the two Sauromalus obesus obesus collected
in California.

They did not eat in captivity, and although force-fed,

both died within three months.
Food for the lizards consisted of lettuce, grapes, tomatoes,
apples and peaches.
outdoor cages.

The lizards fed well both in the indoor and

S. hispidus at the time of feeding would come run-

ning to the location where the food was placed.
Local lizards, being smaller, were kept in two-gallon glass
aquaria or one-gallon-capacity glass jars with screen tops.

A layer

of sand was placed in the bottom and artificial heat and light were
provided by 100-watt light bulbs placed in such a position that a
temperature gradient could be found within the cage.

As Thompson

and Huff (1944) mention, a high temperature and a bright light
encourages the lizards to eat voluntarily.
consisted of meal worms.

Lizards were fed two or more Tenebrio

molitor larvae or adults, twice weekly.
containers at all times.

Food for these lizards

Water was available in

Heavy infestation of mites soon appeared

on these local lizards and the problem was treated as described
above.

►
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Examination of Blood and Staining Techniques.
Blood smears were made from a clipped digit.

Clipping off

the complete digit, instead of the end of a toe, (Thompson and
Huff, 1944) proved to be more satisfactory for future bleeding as
well as serving the purpose of identification.
When bleeding the lizards two slides were made, one for
staining and one for a wet saline mount to observe for any motile
forms.

Thin blood films on standard l-by-3-inch slides were made.

The blood films were air dried, fixed in absolute methyl alcohol
and stained with Giemsa stain.
following manner:

The stain was made up in the

2 ml Giemsa3 to 98 ml distilled water, 1 ml of

a 10% Triton X-100^ solution was added.

Triton X-100 is a surface-

active agent which enhances the staining properties of Giemsa and
results in brighter and cleaner preparations.

Slides were stained

for 20 to 30 minutes then washed in a buffered solution at pH 6. 8
then allowed to air dry.

Tissue Sections.
Tissues from parasitized lizards were fixed in Benin's
solution, sectioned at 6 microns in paraffin blocks, stained with
^Giemsa Stock Blood stain - S-5020.

Van Waters & Rogers,

Inc. Braun Division, Los Angeles.
^Triton X-100 - from Rohm & Hass Co. , Philadelphia, Penn.
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Harris haematoxylin, and counterstained with eosin.

Tissue slides

were made from liver, lung, intestine, spleen, kidney, heart and
bone marrow.

Examination of Mites.
Mites removed from the lizards or indoor cage were placed in
saline and crushed in a Ten Brock tissue grinder using light
pressure, until the saline appeared a light-red color.

Wet saline

mounts were made and observed for motile forms of the parasite.
Giemsa-stained slides were used for morphology study of the motile
fo rms.
Engorged female mites were removed from the lizards and
sides of the cage at frequent intervals and prepared for serial
sectioning.

The methods used were those of DeGiusti and Ezman

(1955) using Carnoy's solution for a fixative.

Mites were then

sectioned in paraffin blocks and stained with Delafield's haematoxylin.
Serial sections of 6 microns were microscopically examined.

Blood Counting.
To arrive at an estimated number of red blood cells, a
Sauromalus hispidus was bled intracardially.

In order to accurately

count the number of cells, the Coulter Counter was used.

*■
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Cells counted:

Average

22,331
22,496
22,450
22,450/the dilution factor.

From the dilution factor used, the total count was 5, 650, 000 cells
per cubic millimeter.
Smears of the same cardially-drawn blood were made and
Giemsa stained for the purpose of determining the number of
parasitized cells per cubic millimeter of blood.

This was done

by counting the number of parasitized red blood cells per 565 total
red blood cells.

An ocular square micrometer disc was super

imposed over the blood film to aid in making accurate counts.
Average number of parasitized cells was determined to be
65, 000 per cubic millimeter.
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CHAPTER IV
MORPHOLOGY AND LIFE HISTORY

Parasites in the Blood of the Lizard.
In the Giemsa-stained smears of infected lizards, the parasites
are seen exclusively to be intraerythrocytic.
are rarely seen in stained preparations.

Extracellular forms

The intra-corpuscular

parasites are enclosed in a clear cyst or capsule with a definite
limiting membrane.

In some cases, however, no membrane can be

seen, as in the young stages of the developing gametocyte.

The

host cells vary with the stage of the developing gametocyte, but in
general they exhibit some hypertrophy becoming elongated or
distended to one side.

The host cell nucleus is usually pushed to

one side or the end of the cell and is generally slightly
compared to the normal nucleus of uninfected cells.

stretched"

Normal

erythrocytes examined ranged in size from 15. 4 by 12. 6 microns
to 19. 6 by 9. 8 microns (Average 17. 7 by 10. 2 microns).
nucleus of these cells averaged 8. 0 by 5. 1 microns.

The

Parasitized

red blood cells averaged 16. 6 by 10. 0 microns (Range 12. 5 by
1 1. 25 to 20. 0 by 10. 0 microns).

The nuclei of these cells

averaged 7. 8 by 3. 7 microns.
A general description of the parasite will be given first with
a later breakdown of various stages of the developing gametocyte.
22
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The intraerythrocytic stage most commonly observed was oval in
outline, elongated, bluntly rounded on one end, attenuated on the
other end, and in some cases folded back upon itself.

The average

size of the parasite was 13. 2 by 5. 3 microns (Range 10. 0 by 6. 25
microns to 18. 2 by 5. 0 microns), the nucleus being 4. 5 by 4. 8
microns.

The parasite nucleus is irregularly oval or rounded in

shape, usually longer in size than in width.

The nucleus stains a

deep pink with Giemsa and is located generally one-third the
distance from the narrow end.

The cytoplasm of the parasite stains

a light blue and may contain a variable number of reddish staining
granules.
Critical observation and measurement of the gametocytes show
ed that there were morphological differences.

Laird (1959) found

encapsuled gametocytes in the rat to be morphologically identical.
Hoogstraal (1961) mentions young gametocytes as being more common
in Egyptian jerboas than the mature forms.

Wood (1962) in his

description of a new species (Hepatozoon leptosoma) gives only
size ranges for the gametocyte.

Hull and Camin (I960), however,

list four distinct types of peripheral blood gametocytes in their
study of haemogregarines in snakes.

This procedure will be

followed for the parasite found in the chuckwalla, because of the
variances observed in different positive lizards.
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Descriptions of Developing Gametocytes in Peripheral Blood.
Type 1.

Short, stumpy, slightly curved, with both ends rounded.

Nucleus a thin, heavy band centrally located.

Cytoplasm a light

blue hue with dense staining granules at the two ends.
normal, no enlargement or nuclear displacement.
Dimen sions:

Type 2.

Host cell

(Plate IV, fig.

A ve rage 11.2 by 4. 2 mic rons
Nucl eus
1. 4 by 4. 2 microns

Barge sausage shaped, slightly curved with smoothly-

rounded ends.

Nucleus as wide as body, centrally located, some

times eccentric, but exhibiting fragmentation of the chromatin
which gives the appearance of a mat.
or clumps.

Chromatin in thick strands

Cytoplasm staining a blue or red, with many granules.

Host cell hypertrophied, nucleus elongated and placed laterally.
(Figures 2, 3)
Dimensions:

Type 3.

Average 16. 8 by 7. 0 microns
Nucleus
5. 6 by 7. 0 microns

Thin, elongate parasite, oval in shape.

one end, with the other recurved.
with a tufted appearance.

Nucleus narrow and elongated,

Nucleus generally centrally located,

but sometimes more towards one end.
granules.

Rounded at

Cytoplasm light blue, no

Host cell enlarged with nucleus displaced laterally.

Some host cells fragmenting.

(Figure 4)

Dimensions:

Average 18. 2 by 2. 8 microns
4. 2 by 2. 8 microns
Nucleus

1)

Z5
Type 4.

Encapsulated, elongated, organism free of the red

blood cell.

Broadly rounded at one end, greatly recurved at the

othe r.

A pinching appearance at the region of the nucleus which

is irregular or somewhat rounded, possessing dense granules.
Cytoplasm a blue-pink with dense staining granules.
figs.

(Plate V,

1, 2, 3)
Dimensions:

Average for capsule 19.6 by
7. 0 microns
Average for parasite 15. 4 by
4. 2 microns
Average for nucleus 4. 2 by
4. 2 microns

In wet mounts of blood diluted in normal saline, extracellular
forms were readily seen. This free form is seen to be an elongated
spindle-shaped "vermicule" about 27 by 5 microns in size.

One

end is narrower than the other, with the larger end showing an
anterior orientation.

These "vermicules" are motile exhibiting a

"snake-like" motion.

Some forms were attached to the substrate

and were seen to turn about on this fixed axis.

Ball (1958) remarks

that these free forms resemble a leech or rotifer in their behavior.
At no time could the parasite be observed as it left the host cell,
this procedure must occur rapidly and only to those parasites that
are in a suitable stage.

Blood diluted in saline for as long as one

hour, still showed intracellular forms and free motile forms.
Giemsa-stained smears of blood diluted in distilled water, the

In
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rod-like structures that Wenyon (1926) observed, could be seen.
These structures were formed by the rolling up of the empty cysts
on their longitudinal axis.

It would seem then, that the parasite

escapes from the cyst at one of the terminal ends, probably by
pressure of the recurved portion of the parasite against the cyst
wall.

(Plate V, fig. 4 & 5)

Development of the Parasite in the Liver.
The asexual development of the parasite was found occurring
only in the liver.

There were no schizogonic stages seen in the

peripheral blood.

Tissue sections examined with negative findings

were from lung, intestine, spleen, kidney, heart and bone marrow.
The liver, therefore, appears to be the site of choice for asexual
reproduction.

The earliest stage seen in the liver is a small

spherical form 12 microns in diameter, possessing a large nucleus
composed of chromatin granules in a mesh work, and a large karyosome.

Hoare (1932) in his study of the life cycle of Hepatozoon

pettiti in the crocodile makes reference to the Kupffer cells as
being the location for the final stages of schizogony.
cells

Within these

the developing schizont is enclosed by a thin membrane with

a flattened nucleus, typical of the Kupffer cells, lying at one side.
Miller (1908) refers to the schizont as being embedded in the
protoplasm of the liver cell, the nucleus of the liver cell being

y
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pushed to one side.

The cavity formed in the liver cell is fully

occupied by the parasite.

In the current investigation of liver

sections from chuckwallas, it appears that the developing schizont
occurs in Kupffer cells.

The mature schizont (Plate VI, figs. 4, 5)

is a rounded or eliptical body containing on an average of 24 nuclei
arranged on the periphery.
of a fan.

The appearance of this stage is that

The size of the cyst measures, on the average, 26 by

30 microns.
As development continues, short rods are seen, each containing
a nucleus at the periphery.

These merozoites budding off, leave a

globular mass in the center (Figure 6) which is probably a residual
body.

The merozoites when fully formed are similar in shape and

size to the forms seen in the red blood cells.

Sexual Cycle of the Parasite in the Mite.
Mites (genus Hirstiella) removed from lizards that showed a
high degree of infection, were found consistently to be infected with
the parasite.

When the blood of an infected lizard is ingested by a

mite the encysted gametocytes are set free in the stomach as motile
ve rmicules.

This was demonstrated by gently crushing a mature

engorged female mite in a drop of distilled water.

According to

Mackerras (1961) the vermicules on the second day associate in
pairs.

In crushed preparations these associated pairs could be seen

b
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as one longer form curved or looped around the other.

Miller

(1908) refers to the larger of the two as being the macrogamete,
the other the microgamete, and that the zygote formed from this
union becomes a motile odkinet which penetrates the stomach wall
of the mite and enters the body tissues to become encysted.
The odcyst in wet preparations appeared as a spherical body
with a distinct outer wall and a large nucleus.

A large karyosome

was observed in these preparations which took up almost the entire
nucleus.

In sections of mites stained with iron hematoxylin, these

forms can be seen embedded in the gut wall between epithelial cells.
The protoplasm stains more deeply than the adjacent epithelial
cells.

Miller called the developing sexual stage a sporont.

The

development of the parasite from a sporont to a sporoblast was not
seen in sections of mites.

Oocysts, however, with later stages of

sporoblasts and sporocysts were observed (Plate VII, fig.

1).

As

the sporoblast divides, the daughter nuclei arrange themselves at
the poles.

Later development shows a cyst wall forming around

each sporoblast.
(Figure 2).

The nuclei become the nuclei of the sporozoites

Garnham (1963) in a personal communication remarked

that the finding of the typical large oocysts in the body cavity of the
mite would indicate the sexual stage of a Hepatozoon.

Although

mites feeding on positive lizards were examined frequently, it
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was not always possible to demonstrate the developing odcysts.
The sporozoites eventually fill the interior of the cyst (Figure 3).
The sporozoites were not seen free in fresh preparations.

CHAPTER V
EXPERIMENTAL INFECTION IN LIZARDS

Initially two problems hampered the investigation:

1.

the

lack of negative lizards of the genus Sauromalus to be used as
experimental hosts, and 2.

the taxonomic ambiguity of the parasite.

The latter proved troublesome, because until an invertebrate vector
could be found with the typical sporogonic stages, the parasite
could only be temporarily identified as a haemogregarine.

For

this reason, it was necessary to attempt transmission by a variety
of possible vectors selected on the basis of availability and feeding
habits.
In consultation with Dr. R. E. Ryckman, mention was made of
the unlikely role of a reduviid (Triatoma) bug in the transmission of
the parasite to lizards.

It was noted that Osimani (1942) in

describing Haemogregarina triatomae from a South American
lizard concluded that transmission of the blood parasite was by
the reduviid Triatoma rebrovaria.

In this case, Osimani initially

found the haemogregarine in several nymph and adult bugs and was
confronted with finding the vertebrate host.

Later in the invest

igation he was able to find lizards harboring the parasite.

He then

fed nymphs and larvae of laboratory-reared T. rubrovaria on
infected lizards.

Of 30 T. rubrovaria fed upon the lizard Tupinambis

teguixin, only one bug was positive.
30

On examining the rectal contents
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of the insects, he found free sporozoites and cysts in the one
positive reduviid.
With a view of obtaining a clue to the manner of infection of
lizards in nature, a number of experiments were undertaken to
determine the vector and mode of transmission.

Experiment 1.
A number of laboratory-reared kissing-bugs, (Dipetalogaster
maximus) were obtained from Dr. R. E. Ryckman.

A heavily-

parasitized lizard (No. 84) was isolated in a cage in which eight
kissing-bugs had been placed.

Within seven hours five of the bugs

had become engorged with a blood meal and were removed from
the cage.

The following morning the other three had not taken a

blood meal and were removed from the cage.

Osimani (1942) in

his investigation kept his engorged kissing-bugs at a temperature
of 30oC. for two months and upon examination found one positive
T. rubrovaria.

Hoogstraal (1961) fed mites on positive jerboas and

found that four to five days after feeding, sporonts could be observed;
and eight to nine days after feeding, the obcysts contained sporeblasts and sporozoites.

It appeared logical to follow Hoogstraal's

work, even though the two vectors differed.
A kissing-bug was dissected seven days after a blood meal.
and a smear was made of the abdominal contents.

Spindle- shaped,
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motile forms were seen in a wet mount.

Similar vermicules were

observed by Miller (1908) in smears of engorged mites fed on an
infected rat.

A smear made from a bug that had not had a blood

meal exhibited no motile forms.
Three lizards (Sceloporus) were isolated in different cages.
Two blood smears taken on each lizard a week apart, two weeks
prior to the experiment, showed negative results; and the lizards
were considered negative for any blood parasite and were thus used
as clean experimental animals.

Each of the three lizards was fed

a kissing-bug as follows:
Lizard No. 60 eight days after blood meal
Lizard No. 15 ten days after blood meal
Lizard No. 16 twelve days after blood meal.
Results.
The three lizards were examined daily.

On day 12, lizard

No.

15 died.

On day 19, lizard No. 60 died, and on day 20, lizard

No.

16 died.

All smears were negative.

feeding a Sceloporus (No.
a blood meal.
negative.

A control was done by

102) a kissing-bug that had not received

This lizard was examined daily and found to be

On the 14th day post feeding, it died.

1 he blood picture of all four lizards showed an increase in
basophils and neutrophils.

It is possible that due to the small size

of the lizard, daily bleeding could have been a factor in their fatal
te rmination.

Goodwin and Stapleton (1952) working with Sceloporus
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believe that blood films collected at more frequent intervals than
once a week, probably causes the early death of these lizards.

An

additional factor, possibly involved, is that at this time the mitecontrol measures had not been developed, and these lizards may
have been partially exsanguinated by the mites.

The daily bleeding,

in addition, might have contributed to the fatalities.

Experiment 2.
An experiment was devised to determine the possibility of
blood-sucking insects inoculating the host with sporozoites at
time of feeding.

The abdominal contents of a kissing-bug, seven

days post feeding, was diluted in saline and mixed well.
mount of this preparation showed motile forms.
Sceloporus, Nos.

A wet

Two negative

17 and 100, were each given 1 ml intramuscular

injections of the diluted abdominal contents.
Results.
Examinations once a week showed negative results.

Both

lizards died in captivity approximately two months later.

Experiment 3.
About 50 mites which had previously fed on the caged lizards
were removed from the sides of the cage and placed in 0. 7% saline.
With a tissue grinder, the mites were gently crushed.

Wet prepar

ations showed extracellular forms, some of which were highly motile,

b
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exhibiting a snake-like motion.

Similar-appearing vermicules

were seen in the crushed preparations of the kissing-bugs.

Two

negative Sceloporus were selected to serve as experimental trans
mission hosts.
and lizard No.

Lizard No.

117 was given 0. 2 ml intraperitoneal,

118 was given 0. 2 ml intramuscular injections of the

mite-crushed preparation.
Results.
Lizard No.
parasitism.

117 died six days later showing no signs of

Lizard No.

118 was negative two-and-a-half months

after receiving the injection, and at the time of this report.

Experiment 4.
This experiment involved the direct blood transfer from a
heavily-parasitized Sauromalus (No. 94) to a Sceloporus that had
been shown to be negative.

A heparin-coated syringe was used to

remove 3 ml of blood intraca rdially from lizard No. 94.

Stained

smears of this blood showed a highly-positive lizard with mature
gametocytes in the red blood cells.

The following Sceloporus

were given injections of undiluted blood:
No.
No.
No.

105 - 1.0 ml intramuscular
Ill - 0.5 ml intramuscular
107 - 0. 5 ml intraperitoneal.

Results.
A blood examination a week following showed no parasites in
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the peripheral blood.

The blood pictures appeared normal.

examinations thereafter gave negative results.
died 45 days later, No.
this report, No.

Lizard No.

Weekly105

Ill died 60 days later, and at the time of

107 is alive and negative.

Experiment 5.
In evaluating the results of the periodic blood examination of
S. hispidus and comparing the degree of parasitemia in each lizard,
(See Table III), it was noted that in some lizards only immature
gametocytes could be found in stained smears.

This experiment

was conducted in an effort to determine if mature gametocytes
introduced into a lizard harboring immature forms could survive.
Blood was removed from S. hispidus No. 94 by heart puncture.

A

smear showed very mature gametocytes almost ready to burst from
the red blood cells.

Lizard No. 91, a S. hispidus whose blood

smears had shown immature gametocytes, was given an intracardial injection of 2 ml; and two hours later a blood smear was
made.

This lizard had exhibited immature forms in the blood a

week prior to this experiment, but now showed a few mature
gametocytes.

It was concluded that these mature gametocytes were

those that had been introduced artificially.
Results.
Smears made every week showed no appreciable change in the

1-
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TABLE III
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COMPARISON IN PARASITEMIA OF SAUROMALUS HISPIDUS
Liza rd

Dates of blood examinations

No.

Aug. Z
1962

80

++ +

++

+++

+++

+++

81

++

++

+

+

+

82

++

83

++

+

+

Died

84

++

++

++

++

++

85

++

++

+

+

+

86

++

++

++

++

Died

87

++++

++++

++++

++++

++++

88

++

++

++

+

+

89

+

+

+

+

+

90

++

++

++

+

+

91

+

+

+

+

Died

92

+

+

+

+

+

93

+

+

+

+

+

94

+++

+++

95

+

++

+

+

+

96

++ + +

++++

Died

97

++

++

++

++

++

98

++

+

+

++

+

+
++
+++

++++ -

Nov. 19
1962

Dec. 30
1962

Jan. 28
1963

April 29
1963

Sac rificed

Sac rificed

Degree of parasitemia using oil immersion objective
one counted for every 5 to 10 fields.
one counted for every 3 to 5 fields.
one counted for every other field.
one or more parasites seen in every field.
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blood or parasite picture.

Lizard No. 91 died two months later.

In stained liver sections the predominant schizogonic stages seen
were those in the final stage of merozoite production.

This might.

therefore, account for the large number of immature gametocytes
found in the peripheral blood, because as merozoites are liberated
from the cyst, they enter red blood cells and are then observed
as immature gametocytes.

Experiment 6.
Emphasis was now placed on the role of the mite as vector of
the parasite.

In the literature, mites had been incriminated by

Miller (1908) as the intermediate host in Hepatozoon perniciosum
in the rat, Hepatozoon balfouri in the jerboas (Hoogstraal,
and Hepatozoon canis in the dog (Laird, 1959).

1901),

This experiment

involved the sectioning of mites at varying times following removal
and isolation from the positive chuckwallas maintained in the indoor
cage.
Re s ults.
Mites takeii directly from the lizards were fixed, sectioned
and stained in the described manner.
be seen in these sections.

At no time could sexual stages

Engorged female mites removed from

the sides of the cage also showed no developing odcysts.

This,

however, was not a valid test as there was no way of knowing the

►
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time interval between the time the mites left the lizards and the
time when they became lodged on the sides of the cage.
of mites were removed from S. hispidus No. 87.

A number

This lizard had

shown a heavy parasitemia from its time of capture.

Stained smears

showed mature gametocytes, some of which appeared to be ready
to burst from the red blood cells.
four days and then sectioned.

The mites were isolated for

Developing sporonts could be seen

between the epithelial cells of the mite gut.

Sporoblasts and mature

cysts with sporozoites could be seen in the haemocoel.

Fresh

preparations of crushed mites taken at the same time showed many
motile forms, and occasionally paired vermicules could be seen.
In the fresh mounts, it was difficult to distinguish sporozoites and
sporoblasts.
It would appear that there is a definite time variance between
the excysting of some gametocytes and others.

Very mature forms

probably become motile within a very short time after their ingest
ion by the mite, while others become motile on the fourth day.
Although most of the ingested red blood cells have disappeared by
the fourth day, hematin crystals, some leucocytes and few whole
erythrocytes can still be found.

Gametocytes were frequently seen

within the remaining red blood cells.
Mites left longer than five days without a blood meal died in
the glass jars in which they had been isolated.

Because no negative

r
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Sauromalus were available to use as blood-meal sources for the
maintenance of the mites, no sections were made past the fourth
day.

It cannot be said that the mites become infective four days

after their blood meal, because it was not possible to ascertain at
which day they received the blood meal that produced the sporonts
seen in sections made four days after their removal from the lizard.

Experiment 7.
Lizards for experimental inoculation were scarce.
months had reduced the availability of local lizards.

The winter

This experi

ment was performed as a pilot run, pending the collection of
lizards for mass inoculation.

Four Sceloporus that had been main

tained in the laboratory for three months and had previously been
examined and found to be negative were chosen.

The previous

experiment had indicated that sporogony did occur in the mites.
Not having worked out the complete biology of the developing
haemogregarine in this intermediate host, it was decided that rather
than risk the sole inoculation of mites that had been isolated for
four days, it would be more logical to take mites from the lizards
as well as from the sides of the cage.
Approximately 20 mites weJ'.'e: rerfi'oved fTOm-the‘.^*ides of the

•* . L

cage.

These mites were all epjg'-Qrgied T-omale.s

the process of laying eggs.

ddryuj'.of them in

Seldom were tmaLfe’'mites observed on
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the sides of the cage.

Approximately 20 mites were taken from

a positive S. hispidus, and another 20 were taken from a jar in
which they had been isolated four days prior.

These mites, approxi

mately 60, were gently crushed in a tissue grinder.

It was felt

that crushing would enhance the rupturing of any sporocysts, thus
liberating the sporozoites.

Wet preparations of this mixture were

examined under the microscope and showed motile vermicules and.
what appeared to be, sporonts.
Two of the four lizards chosen were given oral administration
of the mixture; one was given an intraperitoneal injection and the
other an intramuscular injection of the mixture (Table IV).
Results.
All four lizards were bled one week later.

Three showed

normal blood pictures, having no leucocyte increase or the presence
of a parasite.

Lizard No.

117 was negative for the parasite, but

the smear showed a very heavy bacteremia.
this lizard died.

Soon after bleeding.

Examination of the remaining lizards two weeks

post inoculation, revealed No.

106 was positive with an intra-

erythrocytic haemogregarine.

Nos.

116 and 117 were negative and

have remained so three months post inoculation and at the time of
this report.
In the Giemsa-stained blood film of No.

106, young or immature

gametocytes were seen at the rate of one for every 5 to 10 fields

►

S'

41

TABLE IV
EXPERIMENTAL INOCULATION OF SCELOPORUS
WITH MITES REMOVED FROM SAUROMALUS

Lizard
No.

Portal of
inoculation

Amount
given

Results:

106

Oral

1.0 ml

Positive 15 days post
inoculation

116

Oral

1. 0 ml

Negative

117

Intrape ritoneal

0. 2 ml

Negative - Died

118

Intramuscular

0. 2 ml

Negative

I-
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of oil immersion.

These small forms in the red blood cells are

morphologically similar to those immature gametocytes seen in
the smears of positive chuckwallas.

Plate VIII, figure 1 shows the

parasite as seen in the smear made from Sceloporus No.

106,

while figure 2 shows an immature gametocyte in S. hispidus No. 90.
Figure 3 shows evidence that mature and immature gametocytes
are found concurrently in the peripheral blood; this smear was that
of S. hispidus No. 87.
The rather small gametocytes seen in No.
host cells that have undergone no change.
13. 75 by 7. 5 microns.

106 are found in

The host cell averages

The parasites measure on an average from

7. 0 to 10. 0 microns in length and from 3. 75 to 4. 5 microns in
width.

The nucleus is centrally located and consists of a thin band

stretching across the width of the parasite.

Measurements of the

nucleus were averaged to be 3. 75 wide, and 1. 25 microns long.
The cytoplasm of these gametocytes occasionally contains granules
which, when seen, are located at the two extremities.
Weekly examinations of the blood revealed no appreciable
increase in the number of gametocytes.
not discernible.

Growth of the parasite was

Great care was given this lizard in the hope that

the development could be followed, but success in this regard was
hampered by mites and the necessity of weekly bleedings.
lizard died 76 days after the oral inoculation of mites.

The

h
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Experiment 8.
By the first of March 1963 approximately 40 local lizards had
been collected.

The lizards represented the following genera:

Sceloporus, Uta, Gerrhonotus and Phrynosoma.

This collection

of lizards provided an ample number for mass oral administration
of mites.

Having no way to accurately determine the ideal stage of

sporogonic development in the mites, it was decided that the method
used in Experiment 7 would again be the most satisfactory.

With

the exception of three lizards, 29 of the total 32 used were given
mites by oral administration.

The three exceptions were Nos.

126,

122 and 139; these received intracardial, intramuscular and intraperitoneal injections respectively.

All lizards by previous blood

examination had been shown to be negative for 30 days and were
isolated in separate jars.

Table V shows the lizards used, route

and day of inoculation and the results at the time of writing.
Approximately 50 mites were removed from the sides of the cage,
another 50 from Lizard 87, a positive S. hispidus and about 50 from
a jar in which they had been isolated from lizard No. 87 four days
befo re.

The mites were crushed in the tissue grinder with a small

amount of saline.

Wet preparations showed motile forms, some

gametes--still encysted but extracellular, and developing sporoblasts.
Results.
Of the 32 lizards inoculated, four upon examination showed

Y
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TABLE V

>

EXPERIMENTAL INFECTION OF LOCAL LIZARDS
Lizard
Genus
Date of
No.
inoculation
107
Sceloporus
March 2
f!
120
Uta
II
122
Uta
11
124
Uta

Intramuscular
Oral

Amount
given
0. 2 ml
0. 2 ml
0. 2 ml
0. 5 ml

125
126

Phrynosoma March 15

Oral
Intracardial

0. 2 ml
0. 2 ml

127
128
129
130

Sceloporus

Oral

0.
0.
0.
0.

5
5
5
5

ml
ml
ml
ml

142

Sceloporus

0.
0.
0.
0.
0.

2
2
2
2
2

ml
ml
ml
ml
ml

135
136
140
138
139
137

11

11

ii

March 28

Route of
inoculation
Oral
1 f

11

11

11

11

11

11

11

11

11

March 28
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small immature gametocytes resembling those seen in Lizard 106.
The gametocytes appeared morphologically identical to those
described in the results of Experiment 7.

It is interesting to note

that only the Sceloporus have become infected.

Phrynosoma, Uta,

and Gerrhonotus may very well be totally refractive to the parasite.
The ideal conditions for experimental transfer of the parasite from
lizard to lizard were lacking.

Experimental transfer of the haemo-

gregarine from a positive Sauromalus to a negative Sauromalus,
using mites that had been isolated and allowed to feed on a negative
host of the same genus, would be a more valid test.

Because

negative Sauromalus spp. were not available, and because the
complete biology of the mite needs further investigation in terms
of its peak infective period, the results of Experiment 8, although
portraying success in the transmission of the parasite, are not
conclusive in all the details desired.

►
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CHAPTER VI
DISCUSSION

‘

It is difficult to establish a logical scheme of classification for
the haemogregarines of reptiles.

Saurian haemogregarines may

belong to one of several genera, i. e. :
or Karyolysus.

Haemogregarina, Hepatozoon

Very few of the so-called essential diagnostic

characteristics that distinguish one genus from another have been
established in most cases.

The haemogregarines are placed in the

order Adeleida (Wenyon 1926, Thomson 1929, Grasse 1953, Hull
1953) and in the order Coccidiida (Reichenow 1929, Hyman 1940,
Kudo 1954).

One of the major characteristics separating the order

Coccidiida from Adeleida is that in the former, the male and female
gametocytes during the whole of their growth are apart, while in
Adeleida the male and female gametocytes become closely associated
and develop in contact with one another (Wenyon 1926).

This single

characteristic, however, has only been described for reptilian
haemogregarines in so few cases that it is difficult to determine on
what basis investigators name new species.

Reichenow (1929) in

Haemogregarina stepanowi, Robertson (1910) in Haemogregarina
nicoriae, Robin (1936) in Hepatozoon mesnili and B rumpt (1938)
in Haemogregarina mauritanica, have described this phase of
development.

This association of gamonts was demonstrated and
46
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described in this investigation.

Most haemogregarines, however,

are classified without any demonstration of the diagnostic character
istics of the order.
The practice has been that of diagnosing reptilian haemogrega
rines on the basis of the morphology of the parasites in the blood,
and then considering each host as being infected by a separate
species.

As early as 1908, Patton voices distress at the apparent

inconsideration that Sambon and Seligmann (1908) exhibit in their
observations and descriptions of ten new species found in snakes,
based solely on the presence of the parasite in the peripheral blood
of different host species.

Dobell (1908) realizing the confusion that

was arising from the tumescent condition of the haemogregarines,
writes:

'It is by no means certain that different hosts always

harbour different species of Haemogregarina.

In our present state

of ignorance, by far the most suitable nomenclature-- it seems to me-is that which simply refers the parasite to its host. "

For decades

other investigators did not see fit to agree with Dobell, who, for
the sake of clarity, described Haemogregarina sp. from Boa
constrictor, Haemogregarina sp. from Python spilotes and
Haemogregarina sp. from Coluber quatuorlineatus.

Roudabush and

Coatney (1937) endeavored to keep the number of described species
to a minimum in their examination of reptile and amphibian protozoa
in North America, Europe and Africa.

They included in the same

>•
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species haemogregarines in the blood of different hosts, i. e. ,
Haemogregarina stepanowi from the snapping turtle Chelydra
serpentina.

Danilewsky (1885) had described Haemogregarina

stepanowi from the European pond tortoise Emys orbicularis.
(1956) in surveying snakes at Lincoln Park Zoo believed that

Hull
Ca re-

ful comparison of the blood stages of the haemogregarines from
infections in any genus of snake gives no evidence of distinct species
of haemogregarines. "

Experimental transmission of the parasite

from one genus of snake to another would be necessary, he concluded.
Ball (1958) vacillated between placing a water snake haemogregarine
in the genus Hepatozoon or Haemogregarina, then ended by saying,
. . . I believe that it will probably result in less confusion if this
species is retained for the present in the genus Haemogregarina
sensu latu .

This he did, although by textbook characteristics,

there was every reason to place it in the genus Hepatozoon.

It is

necessary, therefore, to examine the characteristics separating
the haemogregarines as recorded by authors.
Wenyon

1926) divides the order Adeleida into two sub-orders:

(1), Adeleidea, having a non-motile zygote which becomes enclosed
in a resistant oocyst.
in one host.

Both the asexual and the sexual cycles occur

And (2), Haemogregarinidea, where the zygote is a

motile ookinete.

The parasite exhibits an alternation of hosts where

the asexual cycle occurs in a vertebrate and the sexual in an

►

►
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invertebrate.

He breaks down the sub-order into three families,

each having a single genus, as follows:

Family:

Haemogrega rinidae.

Small oocyst in the invertebrate,

producing sporozoites without the formation of sporocysts.
ogony occurring in the red blood-corpuscles.

Schiz

Haemogregarina

Danilewsky, 1885, is the single genus which has the characteristics
of the family.

Family:

Hepatozoidae.

In the invertebrate, large oocysts are

formed which contain many sporocysts, which then produce numer
ous sporozoites.

Schizogony takes place in cells of the internal

organs (liver, spleen, bone marrow, etc.) of vertebrates.

Me ro -

zoites then enter red blood cells or leucocytes where they become
gametocytes.

When blood is taken into the body of an invertebrate

(tick, mite, etc.), the macro- and microgametocytes associate.
The zygote then encysts to become the oocyst.

Hepatozoon Miller,

1908, is the single genus in this family.

Family:

Ka ryolysidae.

The oocyst formed in the epithelial

cells of the intestine of a mite, produces a number of sporoblasts,
which are liberated from the oocyst as motile sporokinetes that
then enter the egg of the mite, and produce sporocysts that develop
sporozoites.

The mite hatched from the egg contains the sporocysts

►
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which are then voided in the feces and eaten by the vertebrate host,
a lizard.

The sporozoites make their way to endothelial cells of

the vessels, where schizogony takes place.

The single genus

Karyolysus Labbe, 1894 was described from a lizard.
The same distinguishing characteristics are given by Grasse
(1953) for the genera Hepatozoon, Haemogregarina and Karyolysus.
Grasse, however, recognized a fourth genus in the family Haemogregarinidae:

Klossiella.

Klossiella was established by Smith and

Johnson (1902) for a parasite seen by them in the kidney of a mouse.
This genus has been found only in mammals and does not parasitize
erythrocytes.

The distinguishing characteristic of this genus is that

certain merozoites upon liberation, take up another situation in the
host, and undergo, after growth, another type of schizogony,
producing merozoites which grow into gametocytes.
Based on the established (Wenyon 1926, Reichenow 1929,
Grasse 1953, Hyman 1940, Kudo 1954 and Hall 1953) diagnostic
characteristics for the genera Hepatozoon and Haemogregarina,
it is now possible to tabulate the differentiating points.
Haemogregarina

Hepatozoon

Schizogony in blood cells

Schizogony in internal organs

Sporozoites formed without
production of sporocysts

Sporozoites produced from
sporoblasts

Host cell - erythrocytes

Host cell - erythrocytes or
leucocytes

►
►
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The Hepatozoon found in the Chuckwalla would thus fall into
the following classification:
Phylum - Protozoa
Class - Sporozoa
Subclass - Coccidiomorpha
Order - Adeleida
Suborder - Haemogregarinidea
Family - Hepatozoidae
Genus - Hepatozoon
The parasite studied in this investigation was originally
identified as Haemogregarina sp. pending further investigation.
As the life history unfolded it became obvious that the haemogregarine
belonged to the genus Hepatozoon.
Apart from Miller's life history of Hepatozoon perniciosum,
only two other life histories have been followed so completely:
Hepatozoon mesnili in the gecko and mosquito, (Robin 1936); and
Hepatozoon breinli in the Australian varanid lizard and in the
mosquito, (Mackerras 1961a).
Several investigators have reported partial life histories,
some describing in detail the development of sporogony in the
intermediate host and implicating a definitive host, such as Garnham
(1954) who studied the stages of Hepatozoon argentis found in natur
ally infected ticks, Argas brumpti, and considered the lizard to be
the probable vertebrate host.

Others have studied the gametocytes

in the blood of the vertebrate, recorded the schizogonic stages, but
have failed to observe all the stages in the vector.

Clarke (1958)
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did not observe the stages present during the first six days in the
mite, Echinolaelaps echidninus, while studying Hepatozoon
griseisciuri in the grey squirrel.

Hoogstraal (1961) although

finding characteristic stages of sporogony in the mite, Haemolaelaps
aegyptius, did not experimentally transmit Hepatozoon balfouri
from an infected jerboa to an uninfected one.
Three lizard hosts have been reported to harbor a Hepatozoon.
Robin (1936) found Gecko verticillatus to be the host of Hepatozoon
mesnili, the vector being Culex fatigans.

Hepatozoon burneti was

described by Lavier and Callot (1938) as a new species found in the
gecko, Tarentola mauritanica.

These investigators suspected a

Phlebotomus sp. to be the invertebrate host.

Mackerras (1961b)

described a new species Hepatozoon breinli from a spotted goanna.
Varanus tristis orientalis.
developed in Culex fatigans.

The sexual stages of the parasite
Thus, this report constitutes a new

host record i. e. Sauromalus found harboring a Hepatozoon.

It is of

interest to note that in all cases of Hepatozoon reported from reptiles,
the erythrocytes are the host cells for gametocyte development.
(See Table VI for comparisons)
To attempt to compare the Hepatozoon found in chuckwallas with
other described species, solely on the morphological variations of
the gametocytes in the blood, would be incongruous.

Within a single

blood smear taken from a positive Sauromalus can be found all four

►
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TABLE VI
MORPHOLOGICAL COMPARISONS OF HEPATOZOON SP.
IN LIZARDS
Parasite

Hepatozoon sp.

Hepatozoon mesnili

Hepatozoon breinli

Host

Sauromalus spp.

Gecko verticillatus

Varanus sp.

Host cell
alte ration

Some hypertrophy Hypertrophy seen
usually in length

Some hypertrophy

Nucleus
change of
host cell

Displaced later
ally slightly
stretched

Slightly flattened late ral

Shape of
parasite

Broad or narrow Falciform or
cigar shaped
oval

Curved - sausage
shaped

Parasite
size in
mic rons

10.0 by 6.25 to
18. 2 by 5. 0

15. 0 by 5. 0

1 4. 0 by 1. 5 to
16.0 by 2. 5

Capsule

Present

Present

Present

Granules

Variable - stain
red

Pres ent

Variable - fine,
staining red

Generally located
mid-way

Mid-point or
slightly posterior

Position of Central or near
nucleus
curved end

Displaced laterally

Shape of
nucleus

Prolonged and
Triangular, or
irregular or sol vacuolar, some
id elongated or
banded
round

Dense, large,
generally mid-way

Size of
nucleus

4. 5 by 4. 8

6. 0 by 7. 0

Not given

Free forms Motile elongated
seen m
27. 0 by 5. 0
blood

Elongated and
Motile 25-30 by 5

Motile - slender
14.5 to 18 by
1. 5 to 2. 5

Schizogony Observed

Observed

Obse rved

Tissue CysILiver - 24 mero- Intestine 27 X 17
zoites in a cyst
Lungs
28 X 17
26 by 30
Live r
25 X 17

Liver - 30 merozoites in a cyst
22 by 19

Inve rtebrate host

Mite. Hirstiella
(new species)

Mosquito.
Culex fatigans

Mosquito.
Culex fatigans

Spo rogony

Gamete union,
sporont, sporoblast - produc
ing 12 sporo
zoites

Gametes unite sporont - sporoblast producing
6 sporozoites

Gamete union,
sporont - sporoblast - producing
10-20 sporozoites

►
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types of gametocyte development.

It would appear that in certain

lizards, probably depending on age or metabolic activity, there
is a repetition of the schizogonic cycle.

Brumpt (1946) believes

that sometimes there may be four or five schizogonic cycles.
facet of schizogony needs further investigation.

This

The comparison

in parasitemia (Table III) of any one lizard over an eight-month
period indicates that gametocytes remain in the blood stream for
a considerable number of months after erupting from the liver
cells.

Certain chuckwallas consistently exhibited a static form

of gametocytes (e. g. , type 3 or type 4) over the eight-month
period.

Hoogstraal (1961) kept a number of infected jerboas in

ectoparasite-free cages for up to five months, and noticed that
the blood picture in regards to Hepatozoon balfouri remained
much the same.

He concluded that the gametocytes live for some

time in the blood, but that if there is no new schizogonic wave
of merozoites released, one can observe a decrease in the number
of gametocytes.

No experimental work has been done to determine

the longevity of a gametocyte in the host's red blood cell.

In

tissue slides made from the liver of sacrificed chuckwallas,
schizogony was not seen in all cases.

Lizard 82, showing a 2 +

degree of parasitemia, exhibited all stages of schizogony.

Ball

(1958) noted all stages of asexual reproduction in the lung of the
water snake.

Hoogstraal (1961) observed that "Only in extreme
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cases, however, were early and late schizogonic stages found
together in the liver of one animal. "
The various stages of schizogony observed in the liver of
chuckwallas appears to be similar to the descriptions given by
other investigators.

Garnham (1950) describing Hepatozoon

minchini from a swamp snake, refers to the mature schizont in
the lung as reaching 25 microns, having merozoites arranged to
give a fan-like shape, the handle of the fan being represented by
a large residual body.

Ball (1958) found the schizont of a

haemogregarine in the lung of Natrix piscator to resemble that
of Hepatozoon minchini, as did Hoare (1932) in the liver of the
crocodile harboring Hepatozoon pettiti.

The size of the mature

schizont and the number of merozoites present differs from host
to host.

That of Sauromalus falls within the ranges recorded.

In the schizogonic stages observed in the chuckwallas, there
was no indication of the presence of two types of schizonts as
reported by Mackerras (1981b).

She describes the X and Y schizonts

in Hepatozoon breinli developing in the liver, Y schizonts measured
22 by 19 microns and contained up to six merozoites, whereas,
X schizonts, being about the same size, contained over 30 merozoites.

Wenyon (1926) reports that "In the case of Hepatozoon canis

the schizonts, which occur in the spleen, liver, and bone marrow,
are of several types.

At one end of the scale there are schizonts
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which produce a small number of large merozoites, while at the
other there are schizonts producing a large number of small ones. "
He concluded that the large ones were probably destined to become
schizonts again.

Clark (1958) found two kinds in the liver and spleen

of the grey squirrel, infected with Hepatozoon griseisciuri.

It is

possible, therefore, that both kinds may be found eventually in
Sauromalus upon further experimentation.
In reviewing the sporogonic development in the arthropod, the
present study of sporogony in Hirstiella is similar morphologically
to other Hepatozoon species described by other investigators.
These are Hepatozoon perniciosum in mites (Miller,

1908),

Hepatozoon canis in ticks (Christophers, 1907), Hepatozoon pettiti
in tsetse flies (Hoare, 1932), Hepatozoon mesnili in mosquitoes
(Robin, 1939), Hepatozoon griseisciuri in mites (Clark,

1958),

Hepatozoon balfouri in mites (Hoogstraal, 1961) and Hepatozoon
breinli in the mosquito (Mackerras,

1961b).

Emphasis has been

placed, however, on the number of sporozoites in an individual
sporocyst.

Chatton and Roubaud (1913), Wenyon (1926) and Ball (1958)

consider one of the generic criteria of Hepatozoon to be the presence
of many sporozoites in an individual sporocyst.

So strongly did

Ball feel about this matter, that he placed the haemogregarine of
the water snake in the genus Haemogregarina, because, he writes,
"the failure to find any large oocyst with numerous sporocysts,
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militates against putting it in the genus Hepatozoon. "

He considers

16 or more sporozoites to be a generic criterion for the genus
Hepatozoon.

On this basis Hepatozoon griseisciuri having four

sporozoites, Hepatozoon balfouri with 12, Hepatozoon mesnili with
6, Hepatozoon breinli with 10 to 20 and the chuckwalla Hepatozoon
with 12 should be considered in a separate genus.

It would appear

more logical, as Hoogstraal writes, "to delete reference to number
of sporozoites in each sporocyst in generic criteria of the genus
Hepatozoon,"

(Hoogstraal 1961).

The life cycle of the Hepatozoon found in the Chuckwalla can be
described as follows:

Mature male and female gametocytes in the

peripheral blood of the lizard are ingested by a mite.

In the gut of

the mite, the gametocytes become extracellular, motile vermicules
which pair to form a zygote.

The motile zygote penetrates the

intestinal cells of the mite and lodges in the haemocoel.

A cyst

is formed and the nucleus and cytoplasm of the zygote enlarge to
form a sporont within the oocyst.

Further development gives rise

to budding sporoblasts each containing a nucleus.
into mature sporocysts.

These develop

Within each sporocyst, nuclear division

takes place to give rise to approximately 12 sporozoites.

When the

lizard digests mites containing mature sporocysts, sporozoites are
liberated in the gut and enter the blood vessels of the villus.

The

sporozoites penetrate the Kupffer cells of the lizard liver where

1
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schizogony takes place.

Nuclear division within the liver cyst gives

rise to approximately 24 merozoites.

At maturation the merozoites

are liberated into the liver sinusoids where they enter erythrocytes
to become gametocytes.

(See Plate IX)

Although the life history of Hepatozoon sp. in the chuckwalla
has been described, a number of questions remain to be answered.
How long does the gametocyte remain in the blood stream?

How

many schizogonic phases does this species of Hepatozoon undergo
in the liver of the lizard?

Are there two distinct schizogonic

types as seen by Mackerras?

Do lizards, exhibiting only mature

gametocytes in the blood for a given test period, actually show
schizogony when sacrificed and examined?

Is it possible to produce

schizogony by introducing gametocytes from one lizard to another?
More work needs to be done on the biology of the mite.

Isolation

of mites to determine the peak infective period, duration of the
sporogonic cycle, determination of any mortality among mites
that have engorged on a positive lizard, number of oocysts and
sporoblasts produced and the determination of longevity of sporo
zoites are all phases that need further examination.
Further experimentation needs to be conducted on the trans
mission of this haemogregarine to other lizards.
specific parasite?

Is this a host-

As demonstrated in this current investigation,

it is possible to transmit experimentally the parasite to Sceloporus.

y
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When the exact biology of the mite is known, further experiments
should be carried out to determine if the parasite will survive in a
variety of hosts, e. g. , snakes and tortoises.

There is reason to

believe that experimental transmission of this particular Hepatozoon
into other hosts can be accomplished.

If indeed this is possible,

then it would not be logical to describe this species of parasite
solely on the basis of the single, natural host--Sauromalus.

The

vector, ecological conditions and nature of the parasite point
strongly towards the possibility that a variety of reptiles are
harboring the parasite; and that, upon further investigation, it
will be shown to be a species of Hepatozoon common to snakes and
lizards of southern California and Baja California.
It is a common practice to consider a species of blood parasite
as new if it is found in a new host.

The assumption underlying this

method of classification is that different species of animals have
distinct species of parasites.

This assumption needs convincing

support, of which the literature is lacking.

It is conceivable that

the same species of parasite might infect several hosts, and that
within each host, the parasite might morphologically appear to be
similar or somewhat different.

An example in point, is the appear

ance of morphologically identical blood forms seen in a rattlesnake
killed on the island, Angel de la Guarda.
for examination.

No tissues were removed

b
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Until a more complete and thorough investigation has been
conducted on not only the species of the genus Sauromalus, but on
other reptilian hosts, the haemogregarine described in this thesis
is relegated to Hepatozoon sp. pending further experimentation.
It is felt that the gallimaufric condition of reptilian blood parasites
is thus saved another addition.

>-
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CHAPTER VII
SUMMARY

The investigation was initiated by the finding of a haemogregarine in a chuckwalla (Genus Sauromalus) collected in Baja
California.

Additional chuckwallas were collected from the islands

in the Gulf of California and were found to be harboring this
haemogregarine.
The gametocytes in the peripheral blood were found exclu
sively in erythrocytes and exhibited morphological characteristics
similar to other haemogregarines described from reptiles.

Host

cell alteration, shape of the parasite, presence of a capsule,
granulation and size (average: 13.0 by 5.0 microns) fell within
the ranges for described species of Haemogregarina and Hepatozoon.
Various tissues examined, upon sacrifice of positive chuckwallas,
showed schizogony to occur exclusively in the liver.

Stages of

schizogonic development were seen with mature cysts yielding 24
merozoites.
Mites of the genus Hirstiella infested the lizards and cages early
in the investigation and were suspected of being the invertebrate
vector of the blood parasite.

Stained sections of this ectoparasite

showed sporonts, sporoblasts and sporocysts with 12 sporozoites.
The finding of the sporocysts with sporozoites and the schizogonic
61
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development in the lizard liver, relegated this parasite to the genus
Hepatozoon.
Experimental transmission of the parasite was undertaken
using lizards from the following genera:
Phyrnosoma and Sceloporus.

Uta, Gerrhonotus,

These lizards had shown negative

blood smears prior to the oral administration of the mite.

Approxi

mately 30 days later successful transmission was observed in four
of the Sceloporus.

Blood smears stained with Giemsa, showed

young immature gametocytes which v/ere morphologically similar
to the young forms seen in Sauromalus.

Uta, Gerrhonotus and

Phyrnosoma appear to be refractive to the organism.
Until the biology of this new species of mite is better under
stood, and certain sporogonic phases observed, and until additional
experimentation can be done with negative Sauromalus, the
haemogregarine of these lizards has been identified as Hepatozoon sp.
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PLATE I

Map indicating islands in the Gulf of California where S. varius
and S. hispidus were collected.

Inset map shows enlarged portion

of Baja California and the adjacent islands.
Bahia de los Angeles, serving as the point of departure and
arrival, is shown on the Baja peninsula.
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PLATE II
COMPARISON BETWEEN S. VARIUS AND S. HISPIDUS

Figure 1.

Sauromalus varius collected on San Esteban Island, Gulf
of California, Mexico.
Size of adults sometimes reaches in excess of 600 millimeters. Largest member of the genus.
Color: Ground color a yellowish or orange-brown with
irregular blotches of brown or black on the tail and
body.

Figure 2.

Sauromalus hispidus collected on Angel de la Guarda and
South San Lorenzo islands, Gulf of California, Mexico.
Size of adult approximately 500 millimeters. Second
largest member of the genus.
Color: Dull black.
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PLATE III
LIZARD HOUSING

Figure 1.

Outdoor pens built to house S. varius and S. hispidus.
They were built from steel sheeting and chicken wire.
Tops of the pens were also covered with chicken wire.

Figure 2.

Indoor cage built of 1/2 inch exterior plywood.
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PLATE IV
GAMETOCYTE DEVELOPMENT IN THE PERIPHERAL BLOOD

Figure 1.

Showing Type 1 gametocyte. Immature form showing no
hypertrophy of the host cell.

Figure 2.

Type 2 gametocyte showing hypertrophy of host cell,
fragmentation of parasite nucleus or thick band, and
granulation of parasite cytoplasm.

Figure 3.

Similar stage of gametocyte development as seen in
Type 2. Little hypertrophy, host nucleus in thick
strands, some granulation of cytoplasm.

Figure 4.

Two parasites showing Type 3 development. Slender,
encapsulated, curved forms, showing a recurved end.

Photomicrographs (850X) of Giemsa-stained blood
smears.
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PLATE IV
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PLATE V
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PLATE VI
SCHIZOGONIC DEVELOPMENT OF THE PARASITE IN THE LIVER
OF SAUROMALUS

Figure 1.

Schizont with two nuclei.

Figure 2.

Schizont with 10 or 12 nuclei.

Figure 3.

Schizont with approximately 20 nuclei.

Figure 4.

Nearly-mature schizont showing arrangement of nuclei
producing a fan-like arrangement.

Figure 5.

Mature schizont showing approximately 20 to 24 merozoites around a residual mass.

Figure 6.

A rupturing mature schizont, showing merozoites
displaced throughout the cyst.

Photomicrograph (850X) of liver sections stained in
Harris' haematoxylin and counter stained with eosin.

PLATE VI

PLATE VII
SPOROGONIC DEVELOPMENT OF THE PARASITE IN THE MITE

Figure 1.

Sporoblast formation, showing early (A) and late (B)
stages of development.

Figure 2.

Showing sporocysts containing sporozoites. Dark
staining nuclei can be seen oriented towards one end.

Figure 3.

Ruptured sporocysts within the oocyst showing numerous
sporozoites. Rupturing probably occurred during
sectioning.

Photomicrographs (850X) of mite sections stained in
Delafield's haematoxylin.

PLATE VIII
YOUNG GAMETOCYTE IN THE BLOOD OF EXPERIMENTALLY
INFECTED SCELOPORUS

Figure 1.

Arrow points to an immature gametocyte seen in a
Sceloporus experimentally infected with the Hepatozoon.

Figure 2.

A blood smear taken from Sauromalus showing a similar
immature gametocyte.

Figure 3.

A blood smear taken from Sauromalus hispidus showing
immature and mature gametocytes in the same field.

Photomicrograph (850X) of Giemsa-stained blood smear.
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PLATE VIII
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PLATE IX
LIFE CYCLE OF HEPATOZOON SP.
A.

B.

Schizogony in the lizard.

(Asexual multiplication)

1.

Sporozoite liberated in the lizard gut after ingestion of the
mite.

2.

Sporozoite penetrates intestinal villus and enters circulating
blood.

3.

Sporozoite penetrates Kupffer cell of lizard liver.

4.

Schizogony in the liver cell.

5.

Mature schizont with merozoites.

6.

Merozoite enters erythrocyte to become immature gametocyte.

7.

Developing gametocyte

8.

Mature gametocyte (male and female) - Host cell hyper
trophied.

Sporogony in mite.
9.

(Sexual cycle)

Free vermicule in the mite gut (male and female).

10.

Sexual union - Syzygy - of gametes.

11.

Motile zygote penetrates stomach wall of mite.

12.

Oocyst with developing sporont.

13.

Growing sporont with large nucleus and karyosome.

14.

Sporont budding, giving rise to sporoblasts within oocyst.

15.

Sporoblasts with developing sporozoites within oocyst.

16.

Single sporocyst with mature sporozoites.
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PLATE

IX

VERNIER RADCL1FFE MEMORIAL. LIBRARY
LG
LOMA LINDA. CALIFORNIA

Experimental infection by oral administration of the mites
into proved negative lizards was attempted.
of the following genera:
Gerrhonotus.

Lizards used were

Sceloporus, Uta, Phyrnosoma and

Only Sceloporus gave positive results, showing

immature gametocytes in the red blood cells approximately 30 days
post feeding.

Negative Sauromalus were not available for experi

mental transmission.

Transmission of Hepatozoon via the mite

has not been recorded for lizards.
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